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Introduction
The sound of a fire alarm is automatically detected and captures attention even when one is fully engaged in reading a newspaper with music playing in the background. This phenomenon illustrates the brain's constant monitoring for environmental threats and is commonly known as pre-attentive or automatic change detection. These unexpected changes elicit an event-related brain potential (ERP) component called the mismatch negativity (MMN; Näätänen et al., 2007; Näätänen and Michie, 1979) . In laboratory settings, the MMN is usually studied using passive auditory oddball paradigms. In these paradigms, rare deviant stimuli embedded randomly in a train of frequent standard stimuli are presented to the participants while their attention is directed elsewhere (e.g., on a silent subtitled movie, a book, or a cognitive task).
MMN associated responses in both left and right superior temporal cortices (STC)
and right inferior frontal cortex (IFC) have been consistently observed with functional magnetic resonance imaging (fMRI; Doeller et al., 2003; Molholm et al., 2005; Opitz et al., 2002; Rinne et al., 2005) , electrocorticography (ECoG; Dürschmid et al., 2016; Phillips et al., 2016) , magnetoencephalography (MEG; Rinne et al., 2000) , electroencephalography with source localization analysis (EEG; Deouell et al., 1998; Giard et al., 1990; Rinne et al., 2000; Shalgi and Deouell, 2007) , and optical brain imaging methods (Rinne et al., 1999; Penney, 2007, 2008; Tse et al., 2006 Tse et al., , 2013 Tse et al., , 2015 . Although there is a consensus in the field that the STC mismatch response reflects a process comparing the current and expected events (Näätänen et al., 2007; Winkler, 2007) , a number of competing hypotheses about the possible role of the IFC have been suggested (e.g., contrast enhancement, Opitz et al., 2002; predictive model, Winkler, 2007) .
According to the contrast enhancement hypothesis (Opitz et al., 2002) , the IFC processes incoming auditory stimuli such that when the difference between the current and M A N U S C R I P T
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Fronto-Temporal Network in Change Detection 4 the expected event is small or ambiguous, it amplifies the difference. Hence, an increase in IFC activity is expected before the comparison process occurs in the STC (Tse and Penney, 2008; Tse et al., 2013) . Under the predictive coding framework (Friston, 2005 (Friston, , 2010 (Friston, , 2011 and the predictive model hypothesis (Winkler, 2007) , regularities from the auditory environment are extracted to construct a model for predicting the incoming events. The IFC is involved in the extraction or reactivation of the prediction model for the later STC comparison process. Although these hypotheses suggest different functional roles for the IFC, both assume that the IFC engages in stimulus analysis before the comparison or detection stage in the STC. In other words, a functional connection between the IFC and the STC is a basic assumption of both hypotheses. However, due to the correlational nature of brain imaging, the functional connectivity between IFC and STC cannot be established based on a co-activation pattern of the two brain regions. To address this issue, we examined the functional connectivity between IFC and STC in the change detection process by disturbing the right IFC with single pulse Transcranial Magnetic Stimulation (spTMS) during stimulus presentation and simultaneously measuring the left STC response with an optical brain imaging method, the event-related optical signal (EROS; Gratton, 2010; Fabiani, 2001, 2009 ).
EROS measures the change in optical properties associated with shifts in membrane potential during neuron depolarization and hyperpolarization (Foust and Rector, 2007; Rector et al., 1997 Rector et al., , 2005 and has temporal and spatial resolution in the millisecond and subcentimeter range, respectively. Hence, the EROS is fundamentally different from functional near-infrared spectroscopy (fNIRS), which measures the hemodynamic response, similar to the fMRI BOLD signal. The EROS mismatch responses in the IFC and STC, which is conceptualized as the optical counterpart of the ERP MMN, have been consistently elicited by various types of deviance, including time of occurrence and omission (Sable et al., 2007;  M A N U S C R I P T
Fronto-Temporal Network in Change Detection 5 Tse and Penney, 2007; Tse et al., 2006) , frequency (Tse and Penney, 2008) , duration (Rinne et al., 1999; Tse et al., 2013) , and audiovisual speech sound (Tse et al., 2015) . EROS mismatch responses in the IFC and STC correlate with simultaneously recorded ERP MMN responses (Tse and Penney, 2008; Tse et al., 2013) . The IFC response to ambiguous deviants began approximately 80 ms after stimulus onset and the STC response began after approximately 120 -180 ms (Tse and Penney, 2008; Tse et al., 2013) . This activation sequence is consistent with the contrast enhancement and predictive model hypotheses that IFC is involved in the initial stage of change detection. However, observing the predicted activation sequence of IFC and STC is not sufficient to support a causal relationship or functional connection between the two brain regions. For example, the observed activation sequence could be produced by a third brain region driving the effects in both IFC and STC, but with different time delays. TMS modulates cortical activity by inducing a focal current in the cortex at a specific time and location through electromagnetic induction and thereby permits examination of the putative functional connectivity between the frontal and temporal cortices. Specifically, IFC function can be disrupted to determine whether and how the later mismatch response at STC is modulated.
A number of brain imaging methods, including EEG/ERP (Bonato et al., 2006; Ilmoniemi et al., 1997) and fMRI (Baudewig et al., 2001; Bestmann et al., 2004; Bohning et al., 1999; de Weijer et al., 2014; Van Ettinger-Veenstra et al., 2009) , have been used to monitor the modulation of brain activity by TMS. A similar approach was adopted to study the ERP MMN, however, these previous TMS MMN studies (Möttönen et al., 2013; Oshima et al., 2017) focused on the involvement of motor and parietal cortices in change detection rather than the frontotemporal network underlying MMN generation. Other MMN studies used transcranial direct-current stimulation (tDCS) to investigate the frontal and temporal generators of MMN (Chen et al., 2014; Impey and Knott, 2015; Weigl et al., 2016) . tDCS M A N U S C R I P T
Fronto-Temporal Network in Change Detection 6 applies a direct electric current on the scalp to modulate neuron excitability. MMN amplitude was reduced with the anodal tDCS electrode on the frontal cortex (Chen et al., 2014; Weigl et al., 2016) , but enhanced with the anodal tDCS electrode on the temporal cortex (Impey and Knott, 2015) . To avoid electromagnetic interference induced by tDCS and TMS, brain stimulation and EEG recording were typically carried out in separate blocks in these studies (Chen et al., 2014; Impey and Knott, 2015; Oshima et al., 2017; Weigl et al., 2016) . However, establishing the functional connectivity with timing specificity between the frontal and temporal cortices requires the STC mismatch response to be recorded immediately after the IFC stimulation.
Therefore, the ideal brain imaging method for monitoring the brain response triggered by TMS or tDCS should be inert to the electromagnetic interference produced by the stimulator and excellent in localizing brain activity spatially and temporally: EROS fulfils both of these requirements (Parks, 2013) . The possibility of simultaneous TMS and fNIRS (Hada et al., 2006; Kozel et al., 2009; Mochizuki et al., 2006) , as well as TMS and EROS recording (Parks, 2013; Parks et al., 2015 Parks et al., , 2012 have been demonstrated empirically.
However, no study to date has combined TMS with EROS to investigate the functional relationship between the IFC and STC, especially in pre-attentive change detection.
Here, spTMS was applied on the IFC 80 ms after the deviant onset (i.e., 80 ms from deviant onset to the onset of TMS pulse), while the EROS mismatch response was recorded from STC at 120 -180 ms. If the IFC and STC are functionally connected and the IFC is critical for the later comparison process in STC, then disrupting the IFC should abolish the STC mismatch response. However, in the absence of a functional connection between the frontal and temporal cortices, disrupting the IFC would not affect the STC mismatch response.
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Fronto-Temporal Network in Change Detection 7 By comparing the brain responses when TMS is applied to different brain regions or time windows, spatial and temporal specificity can be established. However, these comparisons alone cannot establish functional connectivity between two brain regions, because the difference in responses could be due to the different stimulation protocols and not the specific TMS effect on cognitive function. A cognitive control condition with a TMS protocol identical to the experimental condition is required (de Graaf and Sack, 2011) to establish the functional connection between IFC and STC. Here, the cognitive control condition was achieved by varying the number of preceding standards in order to affect the degree of IFC engagement.
Both the contrast enhancement and prediction model hypotheses predict that the IFC plays a more critical role in the processing of deviants preceded by a short rather than a long standard train. Previous studies (Baldeweg et al., 2004; Bendixen et al., 2007; Bendixen and Schröger, 2008; Haenschel et al., 2005; Vossel et al., 2011; Winkler et al., 1996) demonstrated that standard train length modulates MMN amplitude. Frontal cortex activity was found to increase when detecting unpredictable change (Dürschmid et al., 2016) , and decrease with increasing standard train length (Vossel et al., 2011) . A short train of standards provides limited information to establish a stable and precise model for predicting future events compared to a long standard train. Therefore, the IFC is needed to enhance the difference between the incoming deviant and the poorly established predictive model; or more effort is needed to activate the less-well defined predictive model in IFC. However 
Methods

Participants
Twenty-four university students (13 females; age 18-23 years, mean age 21.1 years) participated after giving informed consent. The study was approved by The Joint Chinese University of Hong Kong -New Territories East Cluster Clinical Research Ethics Committee.
All participants were screened for TMS contraindication (Rossi et al., 2009; Wassermann, 1998) , right-handed according to the Edinburgh Handedness Inventory (Oldfield, 1971) , reported having normal hearing, normal or corrected-to-normal vision, and no history of neurological disorders. The participants watched a self-selected silent movie with subtitles, and were told to ignore auditory events during the experiment.
Stimuli and Experimental Design
There were four block types: IFC TMS, Vertex TMS Control, Auditory Control, and Equal Probability Control (Figure 1) . The IFC TMS, Vertex TMS Control, and Auditory Control blocks shared the same auditory passive oddball design. The standard and deviant stimuli were 392Hz pure tones (musical notes G4; 80% of trials) and 440Hz pure tones (musical notes A4; 20% of trials), respectively. The frequency difference between the deviant and standard is considered small or ambiguous based on previous parametric MMN studies (Alho et al., 1994; Liebenthal et al., 2003; Tse and Penney, 2008) . The tone duration was 50 ms including 5 ms rise and fall periods. Tone stimulus onset asynchrony (SOA) was 1500 ms and tones were presented in pseudorandom order with the constraint that deviants were preceded by 2 to 8 standards. For analysis, the deviants following 4 to 7 standards were assigned to either the short (4 or 5) or long (6 or 7) standard train conditions (8.33 % of total trials for each group).
The majority of the deviants were preceded by 4 to 7 standards, while the remaining deviants (3.34% of total trials) were preceded by 2, 3, or 8 standards to produce variability in the train length. Due to the limited number of trials (i.e., 10 trials for 2-3 standards, and 6 trials for the 8 standards), the deviants preceded by 2, 3, or 8 standards were not included in the analysis. The range of the standard train length was limited by the total deviant probability. As multiple control conditions were included for establishing the functional, spatial, and temporal specificity of the TMS effect, while the duration of the experiment had to be kept within a reasonable range, a relatively high deviant probability of 20% was used.
Each block type was repeated 3 times to present a total of 960 trials for each condition (768 standards and 192 deviants) or a total of 3840 trials for the entire experiment. Auditory stimuli were presented using the MATLAB software (MathWorks, Inc., Natick, USA) and the Psychophysics Toolbox (Brainard, 1997) 
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Depending on the block type, TMS coils with different locations and orientations producing real TMS, sham TMS, and TMS pulse noise were paired with the standard and deviant tones. The TMS pulses paired with the standards were designed to produce TMS pulse noise, but no direct TMS effect on the brain; while the TMS pulses paired with the deviants were designed to produce real TMS effect on IFC, sham TMS, or TMS pulse noise.
However, the TMS pulses for the 80 and 200 ms delay conditions were identical for the same type of stimuli (standard or deviant) within a particular block type.
In the IFC TMS block, the deviants were paired with TMS pulses applied at right IFC from the deviant TMS coil, while the standards were paired with TMS pulses applied from a second TMS coil located vertically above the deviant coil and with the same orientation as the deviant coil ( Figure 2A ). The standard TMS coil was used to minimize differences in the background auditory environment during presentation of the standard and deviant stimuli (i.e., to ensure that any MMN elicited is not attributable to TMS pulse noise, but due to the change in pitch or frequency of the deviant).
Simultaneous TMS and EROS over the same brain area is possible using a special head-mount for the optical fibers to reduce or eliminate mechanical interference between the TMS coil and EROS recording (Parks, 2013; Parks et al., 2012) . However, limited space for positioning the optical fibers and TMS coil and vibration of the TMS coil interfering with the optical signal recording is potentially problematic. Previous studies indicated predominant right IFC and bilateral STC activities in pre-attentive change detection (Leff et al., 2009; Szycik et al., 2013; Tse and Penney, 2007; Tse et al., 2012) , particularly for frequency deviants (Liebenthal et al., 2003; Opitz et al., 2002) , so we avoided these measurement difficulties by applying TMS to the right frontal cortex while EROS mismatch response was recorded from the left STC only. Structural connections between IFC and STC (Frühholz and Grandjean, 2013; Frühholz et al., 2015) and between bilateral temporal cortices (Hofer and The Vertex TMS Control block was similar to the IFC TMS block except for the location of the deviant TMS coil, which was positioned on the vertex to control for nonlocation specific TMS effects. In other words, if the optical MMN effect at STC in the IFC TMS block is abolished, while the optical MMN effect at STC is preserved in the Vertex TMS Control block, the absence of an STC response in the experimental block can be attributed to the specific TMS effect at IFC.
The Auditory Control block was designed to demonstrate the typical optical MMN response in the absence of TMS, but in an auditory environment similar to the IFC TMS and Vertex TMS Control blocks. The positions and orientations of the TMS coils were basically identical to the IFC TMS block, however, the orientation of the deviant coil differed from the IFC TMS block by rotating it so that the magnetic field pointed away from the brain.
The design of the Equal Probability Control block and the locations of the two TMS coils were similar to that of the Auditory Control block. However, three other tones (493 Hz, B4; 523 Hz, C5; and 587 Hz, D5) in addition to the tones serving as the standard and deviant in the other blocks were presented in the Equal Probability Control block. The five types of tone were presented randomly with equal probability (i.e., 20%) which was identical to the deviant probability in the other blocks. By subtracting the EROS response of the physically identical tone (with an identical number of preceding tones and TMS pulse/sound delay) presented in the Equal Probability Control block from the deviants presented in other blocks, the EROS mismatch response without a sensory adaption confound could be recorded (Jacobsen and Schröger, 2001) . Blocks belonging to the same block type were presented in M A N U S C R I P T
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Transcranial Magnetic Stimulation
TMS was administered with two mono-phasic single pulse TMS stimulators (Neuro-MS/D, Neurosoft, Ivanovo, Russia) and two angulated 100 mm figure-of-eight coils. One of the stimulators controlled the TMS coil paired with the deviants, while the other stimulator controlled the TMS coil paired with the standards. Stimulation intensity was set at 80% of each participant's motor threshold, which has been shown to produce a functional disruption or temporary lesion on the targeted brain region leading to the abolishment of the subsequent behavioral or brain responses (Corthout et al., 2000; Davey et al., 1994) .
To identify the motor threshold for each participant, the location of the hand region in the right motor cortex was determined by using the 5-centimeter rule. The TMS coil was first set at the location 5 cm to the right of vertex, with the coil oriented 45 degrees pointing toward the midline and tangential to the scalp surface. The location of the hand region was fine-tuned by shifting the TMS coil along an imaginary grid in steps of approximately 1 cm.
The search for motor threshold started with TMS intensity set at 30% of the stimulator's total output and increased in steps of 5% of the total output. Resting motor threshold was identified by the minimum stimulator intensity producing visible movement in the wrist, hand, or any finger in 40-60% of trials for at least 8 consecutive trials.
During the experiment, a neural navigator system (Brain Science Tools BV, Utrecht, The Netherlands; www.neuralnavigator.com) was used to position the TMS coil over the right IFC and the EROS recording montage over the left STC ( Figure 2B ) based on the structural MRI of that individual participant. The structural MRI of each individual participant in native space was first transformed to Talairach space to obtain the native space-M A N U S C R I P T
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Fronto-Temporal Network in Change Detection 14 to-Talairach space transformation matrix. This transformation matrix was inverted and used to reverse transform the Talairach coordinates of the target locations based on previous EROS studies (Tse and Penney, 2008; Tse et al., 2013 Tse et al., , 2015 to the native space for each participant by using the software AFNI (Cox, 1996) . The coordinates of the target locations in the native space were then entered into the neural navigator system to position the TMS coil and EROS recording montage. The stimulation intensity and the exact stimulation location were adjusted to reduce discomfort due to jaw or facial muscle movement, if necessary. However, the minimum stimulation intensity was kept higher than 75% of the motor threshold and the stimulation location was kept within 10 mm of the targeted IFC coordinates (Talairach coordinates: x = 60, y = 29, z = 14; Tse and Penney, 2008; Tse et al., 2013 Tse et al., , 2015 .
EROS Recording and Analysis
The EROS recording procedure was similar to that used in previous EROS MMN studies (see Figure 1 in Tse et al., 2010) . A frequency domain oximeter (Imagent, ISS, Inc., Champaign, IL, USA) recorded the fast optical signals. Intensity modulated (110 MHz) near infrared light (830 nm) was produced by laser diodes and carried to participants' scalp through plastic-clad silica optical fibers (2.5 m long; 400 µm diameter core). Light emitted from the source fibers passed through the participant's scalp, skull, and brain, and was collected by fiber optic detector bundles (3 mm diameter) back to the oximeter's photomultiplier tubes (PMTs). This signal from the detector bundles was mixed with a 110.003125 MHz signal, generating a signal with a cross-correlational frequency of 3125 Hz, which was sampled at 50 kHz by the analog-to-digital converter. The output signal was fast Fourier transformed (FFT) to compute the DC intensity, AC intensity, and relative phase delay measures. As a previous study (Gratton et al., 2006) reported better sensitivity in M A N U S C R I P T
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Source and detector optical fibers were secured at the left STC region with a custombuilt head-mount. Previous studies consistently demonstrated bilateral temporal cortex activity in the auditory pre-attentive change detection process (Leff et al., 2009; Scherg et al., 1989; Szycik et al., 2013; Tse and Penney, 2007) . Due to limited space for the placement of the TMS coil and head mount for optical recordings on the right side of the head, and to improve the EROS sampling rate for combined TMS-EROS application, EROS was recorded from the left STC only. The optical recording montage ( Figure 2B ) consisted of 16 detectors and 8 sources producing 128 source-detector pairs. Each light source was turned on for 1.6 ms meaning it took 12.8 ms to cycle through the 8 light sources and to sample the entire area covered by the recording montage (i.e., sampling at 78.125 Hz).
The functional optical data was co-registered with the structural MRI of each participant (Tse et al., 2010; Whalen et al., 2008) . These T-1 weighted structural MRIs with the nasion and pre-auricular points marked by Beekley Spots (Beekley Corporation, Bristol, CT) were obtained using a high-field 3.0 Tesla whole-body scanner (Achieva TX, Philips Healthcare, Best, the Netherlands) with an eight-channel head coil. The three-dimensional locations of the fiducial points, the source and detector fibers, as well as 150 points scattered around the scalp and ocular regions, were recorded using a 3D digitizer (Polhemus Fastrak 3Space, Colchester, VT) during the EROS session and co-registered with the MR anatomical data using a surface fitting method (Whalen et al., 2008) . The locations of the source and detector fibers were used for the reconstruction of the expected light path for each channel and participant in a common Talairach space (Talairach and Tournoux, 1988) .
The optical data were corrected for phase wrapping, normalized, pulse corrected , and filtered with a 0.01-10 Hz band-pass filter, then averaged M A N U S C R I P T
Fronto-Temporal Network in Change Detection 16 for each time point, channel, condition, and participant separately using a 100 ms prestimulus baseline. Channels with a source-detector distance shorter than 20 mm were excluded from the analysis, as the shallow light path only passes through the scalp, but not the brain (Gratton et al., 2006) . Noisy channels with a source-detector distance longer than 50 mm or phase variability (i.e., standard deviation of a channel across trials and time points) over 160 picoseconds were excluded from analysis. The averaged data for each channel were reconstructed into the voxel space data and statistical parametric map for analysis using the Opt-3D software (Gratton, 2000) . Specifically, the optical signal for a given voxel was calculated from the mean value of the channels that overlapped at that particular voxel for each participant (Wolf et al., 2000) and t statistics were computed across participants for each voxel and converted to z-scores. As the EROS signal was recorded from the left hemisphere, only data from the middle sagittal plane to the surface of the left hemisphere could be included in the analysis. The statistical parametric map (SPM) in Talairach Penney, 2007, 2008; Tse et al., 2006 Tse et al., , 2013 with corrections for multiple comparisons using the random field theory approach (Friston et al., 1994) No statistically significant STC EROS mismatch response was found earlier than 127 ms when the TMS pulses was applied at 80 or 200 ms in all conditions. As shown in Figure 3 (lower panel), STC EROS mismatch response was absent at 204-230ms when TMS pulse was applied at 200 ms. These results suggested the absence of immediate TMS effect on STC at the moment when TMS pulses were applied or mechanical artifact produced by the TMS application.
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Results
EROS
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Discussion
The Functional connectivity between the frontal and temporal cortices is a common assumption behind hypotheses explaining the IFC mismatch response in passive oddball paradigms. Under the predictive account of change detection (Garrido et al., 2008; Garrido et al., 2009 ), a predictive model is built by minimizing the discrepancy between the predicted and actual events (i.e., the prediction error) across a series of trials. The IFC and STC are suggested to be hierarchically organized with feedforward and feedback functional connections for building the model (Gratton, 2018) . The prediction error is reflected by mismatch responses in the IFC and STC elicited by deviant events. Previous support for the feedforward and feedback functional connections between the IFC and STC were mainly based on correlational modeling of ECoG, MEG, and EROS data (Phillips et al., 2016; Tse et al., 2013) . The current study provides empirical evidence supporting the functional connection between the frontal and temporal cortices by direct manipulation of brain function.
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The functional connection between IFC and STC is also assumed under the contrast enhancement hypothesis, in which IFC is involved in enhancing the difference between ambiguous deviants and standards during the change detection process. This hypothesis does not contradict the predictive model account of change detection because the standards can also be interpreted as the regularity encoded in the model.
A short standard train provides limited samples to illustrate the invariant properties, or the regularity pattern, of the standard. The predictive model built on such limited information is also less reliable. Consistent with both hypotheses, at the pre-comparison stage the IFC could be involved in the enhancement process to differentiate the deviant from the highly variable regularity pattern or unstable predictive model. Therefore, disrupting IFC function at the pre-comparison stage with TMS may upset the contrast enhancement process and result in failure to elicit a subsequent STC mismatch response.
Studies using other brain imaging methods found a IFC and STC mismatch response pattern consistent with the current study. A ECoG study (Dürschmid et al., 2016) showed both frontal and temporal cortex mismatch responses in detecting unpredictable change with a random number of standard tones preceding the deviant tone, while only a temporal cortex mismatch response was found in detecting predictable change with a fixed number of standard tones preceding the deviant tone. A fMRI study (Vossel et al., 2011) found a decrease in right IFC activity level to standard stimuli with increasing standard train length.
The current study extended these findings by showing the functional connectivity between IFC and STC by directly manipulating the IFC activity level.
Differential modulation of IFC and STC responses by deviance properties in the change detection process was demonstrated in the current study, implying that the IFC and STC mismatch responses should not be conceptualized as a single unit in MMN generation.
Previous EROS studies (Tse and Penney, 2008; Tse et al., 2013) found an early IFC M A N U S C R I P T
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Fronto-Temporal Network in Change Detection 23 mismatch response, before the STC mismatch response, for ambiguous deviants; while only a STC mismatch response, without an early IFC mismatch response, was elicited by salient deviants. A previous EEG source localization study also suggested unequal contribution of the frontal and temporal sources to the generation of the MMN. The frontal source contributed more variance to the MMN generation than the temporal source in a complex paradigm as compared to their relative contributions in a simple oddball paradigm (MacLean et al., 2015) . MEG studies on music pattern violations found a frontal mismatch response to violations of the more complex melodic pattern, but not to violations of the relatively simple rhythmic pattern (Lappe et al., 2013a (Lappe et al., , 2013b . The IFC mismatch response was consistently observed with less well-established regularities and/or ambiguous deviants. These findings may help to explain the mixed results in identifying the IFC generator of MMN (Deouell, 2007) and the non-linear change in MMN amplitude with deviance level (Horváth et al., 2008; Tiitinen et al., 1994) .
The single-pulse TMS protocol adopted in this study produced a functional disruption or temporary lesion on the targeted brain region leading to the abolishment of subsequent behavioral or brain responses (Plewnia et al., 2003) . Conclusions based on the absence of a behavioral or brain response triggered by TMS are potentially problematic. A null behavioral or brain response could be produced by a number of factors, including incorrect stimulation location, weak stimulation intensity, and insufficient statistical power, rather than the real TMS effect (de Graaf and Sack, 2011) . The current study addressed this issue by following the design and analyses procedure recommended by de Graaf and Sack (2011) .
First, the latencies and locations to stimulate IFC and to record the STC mismatch response were determined based on previous EROS studies Penney, 2007, 2008; Tse et al., 2006 Tse et al., , 2012 Tse et al., , 2013 Tse et al., , 2015 . A neural navigation system was used for the placement of the TMS coils and the EROS recording montage based on the structural MRI of the M A N U S C R I P T
Fronto-Temporal Network in Change Detection 24 individual participant for improved spatial accuracy (Neggers et al., 2004) . The coil positions were monitored and maintained within a 1 cm radius of the targeted locations during the experiment to maximize the TMS effect on IFC and to capture the STC mismatch response.
Second, the interpretation of the results does not depend on the absence of a STC mismatch response in a single condition (i.e., IFC TMS at 80 ms in the processing of short train deviants). Our conclusion is based on the differences in STC mismatch responses between different stimulation protocols in the experimental and control blocks. Sham TMS at vertex served as a control location to demonstrate the spatial specificity of TMS effect on IFC.
A no TMS control condition (i.e., auditory control block) was included to show that the observed TMS effect could not be produced by the TMS pulse noise alone. The 200 ms delay TMS pulse condition was introduced to examine the temporal specificity of the TMS effect and determine whether the TMS effect is produced by a general change in brain excitability Previous studies (Baldeweg et al., 2004; Bendixen et al., 2007; Bendixen and Schröger, 2008; Haenschel et al., 2005; Vossel et al., 2011; Winkler et al., 1996) demonstrated larger MMN amplitudes for deviants preceded by longer standard trains (i.e., more than 10 versus 5 standards). However, in our study, no difference in the EROS STC mismatch responses was found between deviants with short and long standard trains in the Vertex TMS and Auditory Control blocks. In order to accommodate all of the control conditions while keeping the total duration of the experiment within a reasonable range, the standard train length was limited to 2 to 8 standards, with most of the trains in the 4 to 7
range. The limited range of the standard train length or the unequal contribution of the two MMN generators mentioned above may contribute to the difference in the results. Further studies would be required to address this issue.
TMS has been used to study functional connectivity between two brain regions by dual-site stimulation or concurrent stimulation and brain imaging (Fox et al., 2012) . In dualsite stimulation, the functional relationship between two regions is established by demonstrating that TMS on an association brain region influences the excitability of a primary motor or sensory region. The excitability of the primary motor or sensory region is M A N U S C R I P T
Fronto-Temporal Network in Change Detection 26 typically measured by motor-evoked potential, motor threshold, or phosphene threshold triggered with a second TMS pulse. The functional connections of primary motor cortex with frontal or contralateral motor cortices (Civardi et al., 2001; Hanajima et al., 2001; van Campen et al., 2013) , as well as connections of occipital visual regions with frontal eye field (Silvanto et al., 2006) or parietal cortex (Silvanto et al. ,2009 ) have been studied with this approach. However, the frontal and temporal network underlying MMN cannot be studied with the dual stimulation method, due to the lack of a cortical excitability index for the auditory cortex.
Hence, a concurrent stimulation and brain imaging approach (e.g., Leitão et al., 2013; Mullin and Steeves, 2013; Parks et al., 2015; Ruff et al., 2006) was adopted in the current study. Top-down influence of posterior parietal cortex on visual cortex previously was shown by using concurrent TMS and EROS recording (Parks et al., 2015) . Similar to the conclusion of these studies, a directional functional connection does not require a direct connection between IFC and STC in the current study. The functioning between the two brain regions could still be mediated through another brain region (i.e., an indirect connection of IFC to STC). However, with the temporal relationship between TMS and subsequent brain response taken into account, a directional functional connection of IFC followed-by, or leading to STC mismatch responses could be established.
Some ERP MMN studies revealed a lateralized MMN response, which seems to contradict the bilateral STC mismatch response assumption in the current study. However, these ERP studies investigated the change detection of emotion, (e.g., Schirmer and Escoffier, 2010) , speech (e.g., Herrmann et al., 2009) responses. Bilateral STC mismatch responses to deviants with physical change were commonly found in fMRI (Leff et al., 2009; Szycik et al., 2013) and EROS (Tse and Penney, 2007) ; both methods provide superior spatial localization power to reveal hemispheric differences in IFC and STC mismatch responses.
In summary, the current study demonstrated a directional functional connectivity between IFC and STC in the change detection process of a passive oddball paradigm, which is a fundamental assumption underlying various hypotheses about the generation of MMN.
Making use of the superior spatiotemporal localization abilities of both spTMS and EROS, and absence of electromagnetic inference between the two techniques, spTMS was applied on 
